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The Spike protein has two major cleavage S1/S2 S2'
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Spike conformation for ACE2 interaction

Release

S1/S2 cleavage
'-‘

\ . Fuin

4

Down state

Up state

Takeda, Microbiology and immunology, 2021




ACE2-mediated SARS-CoV-2 endocytosis
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ACE2 and TMPRSS2-mediated SARS-CoV-2 fusion
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Entry pathways for SARS-CoV-2
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Reporting of SARS-CoV-2 Q675H mutation
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Phylogenetic analysis shows that Q675H mutation arises
by homoplasy events

B.1.1.7 P.1




Effects of Q675H on conformation of the furin binding motif

Q675 Q675H
o]
GLN to HIS mutation showed a positive ]
(AAG value is 0.665Kcal Kcal/mol) and a _
negative (AASVibENCoM value is —0.108
kcal.mol-1K-1) change in vibrational entropy AAAM
energy between wild-type and mutant J apd b

proteins.
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Viral evolution is a long game: How does it occur?

The Intra-host evolution




The bottleneck-mediated
quasispecies restriction during spread of virions

Immunocompetent host % %
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The bottleneck-mediated
quasispecies restriction during spread of virions

Immunocompromised host




Conclusion |

* SARS-CoV-2 possesses two evolutionary sites

The first is represented by RBD domain which is directly involved in ACE2 binding. Its
evolution enhances viral entry

The second one is represented by the furin cleavage site. Its evolution increases viral
adaptation to the human host

— Both the sites contribute to a better global viral fitness

SARS-CoV-2 evolution occurs in immunocompromised human hosts




Role of SARS-CoV-2 in endothelial dysregulation
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Changes in the Receptor Binding Domain (RBD)

of SARS-CoV-2 VOCs
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Antiviral Research 177 (2020) 104759
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Fig. 2. Schematic representation of SARS-CoV-2 S-protein with a focus on the receptor-binding domain. The sequences of 12 betacoronavirus were aligned using
MAFFT (Katoh et al., 2019). The receptor-binding domain and the ACE2 receptor-binding region are colored in blue and light blue, respectively. The RGD motif of
SARS-CoV-2 is highlighted in color. Numbers refer to the SARS-CoV-2 spike protein sequence.




a, 35 integrin inihibits SARS-CoV-2 entry into HL-mECs

Virus + integrin a, 8, HL-mECs were pre-treated with
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a,fB; counteracts SARS-CoV-2 proangiogenic effects
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Mutations in the Integrin-Binding RGD Motif of SARS-CoV-2 Variants

Article

BA.2.12.1, BA.4 and BA.5 escape antibodies
elicited by Omicroninfection

potently neutralize BA.L. Nevertheless, these ‘ﬁeutral'i}_ing antibodies are largely
evaded by BA.2 and BA.4/BA.5 owing toD405SN and F486V mutations, and react
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The D405

N Mutation in the Spike Protein of SARS-CoV-2 Omicron BA.5

Inhibits Spike/Integrins Interaction and Viral Infection of ECs
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SARS-CoV-2 BA.5 Does Not Trigger Angiogenesis
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SARS-CoV-2 Omicron BA.5 does not induce the Release of
inflammatory cytokines and angiogenic molecules from HL-mECs
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Conclusion |l

SARS-CoV-2 enters into ACE2-negative endothelial cells
through integrins

This entry is mediated by an RGD motif on SARS-CoV-2 Spike

HL-mEC infection promotes the remodeling of cells toward a
pro-inflammatory and pro-angiogenic phenotype

D405N/S mutation induces lack of Spike/integrins interaction
inhibiting HL-mECs infection of and dysfunction.




Newly emerged SARS-CoV-2 variants

1.00

0.75 A

0.50 —

Normalized frequency

0.25

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2023 | 2024
Month and year of specimen collection

W cHaa XBB.2.3 I GK.2 IN.1.16-like I XEC
XBB [ EG5-like HK.3-like KQ.1-like Other
XBB.1.5-like FL1.5.1-like DA KP.2-like
EULI GE.1-like IR KP.3
XBB.1.5.68 XBB.1.16.11 I BA.2.86 LB.1-like
XBB.1.16-like HV1 IN:Hlike KP.3.1.1-like

MMWR, 2024




a

Movember-2019
May-2020
Movember-2020 4
May-2021
Movember-2021
May-2022 4
Movember-2022
May—-2023
Movember-2023

May-2024

Count of Sequences

Homoplasy event?

Aminoacid change
@ Da0sD

@ zaosn

Substitution
. D405
. 54050

Country

Adrica
Asia
Eurape
. Morth America

Oesania

South America

S405D-carrying sequences were sampled
across diverse regions, with specific
occurrences in Africa (lineage JN.1.11.1,
sampled on 2024-06-19), Asia (lineages
IN.1.17 on 2024-05-08 and MB.1.1 on 2024-
09-13), Europe (linecage JN.1.11, sampled on
2024-05-27), and South America (lineage
JN.1.11, sampled on 2024-09-08).




Conclusion Il

e The RGD motif mutated to RGN/RGS under immunological

pressure leading to a loss-of-function on endothelial cells (less
virulent variants!)

 The back mutation from RGN/RGS to RGD may lead to a

dramatic  gain-of-function of SARS-CoV-2 promoting
endothelialitis

* A continuous genomic surveillance is crucial to deepen our
understanding in SARS-CoV-2 evolution and prevent diffusion
of new virulent strains
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